Prompted by the observation that both metabotropic Axonal GABA A receptors thus play a potentially imporand ionotropic glutamate receptors can modulate tant role in tonic and activity-dependent heterosynapmossy fiber transmission, we asked whether presynaptic modulation of information flow to the hippocampus. tic ionotropic GABA A receptors are also present. Such receptors could potentially mediate a more rapid reIntroduction sponse to changes in extracellular GABA than GABA B receptors. We report that GABA A receptors directly modIonotropic GABA receptors contribute to presynaptic ulate mossy fiber excitability, and moreover, that this modulation of transmission in the mammalian spinal phenomenon is tonically active at ambient GABA concord (Eccles et in stratum lucidum in acute hippocampal slices, while recording from a granule cell held in voltage clamp 8% (p Ͻ 0.01, n ϭ 5; Figure 1B) Figure 1A) . high or low [Cl Ϫ ] pipette solutions were accompanied by a decrease in input resistance ( Figure 1C ) and opposite Muscimol had no effect on the AC success rate when suprathreshold stimuli were delivered, implying that it changes in somatic holding current ( Figure 1D ). Because the cell body was kept in voltage clamp, effects of GABA A did not act by promoting action potential conduction failure (Verdier et al., 2003) . Instead, the results indicate receptors on the somatodendritic membrane potential were unlikely to spread to the axonal membrane. Howthat GABA A receptors decrease mossy fiber excitability.
Although the effect of muscimol on the AC success ever, this does not exclude a role for GABA A receptors in the axonal initial segment, which may not have been rate is consistent with the existence of axonal GABA A receptors, an alternative possibility is that it acts indifully clamped. To test whether muscimol altered the action current success rate through a direct effect on rectly by altering the extracellular ionic environment, for instance by promoting K ϩ efflux from neighboring axonal receptors, we pressure-applied a low concentration of muscimol (2.5 M) via a pipette positioned within neurons via activation of the K ] pipette, inirate for the second stimulus was 43% Ϯ 6% (n ϭ 13).
tially stimulating at an intensity sufficient to obtain near We then applied the benzodiazepine agonist zolpidem 100% success rate for an AC. SR95531 application in (0.2 M), which enhances GABA A receptor affinity in this situation produced a decrease in AC success rate, a subtype-dependent manner. This led to a reversible which partially reversed upon washout (n ϭ 6; Figure Figure 3C ). These results imply that the reduced while monitoring the AC success rate, we stepped the axonal excitability following the first stimulus is at least stimulus intensity through a cycle and applied muscimol partly due to GABA A receptor activation.
(2 M) followed by the GABA A receptor antagonist picroCircumstantial evidence suggests that mossy fibers toxin (100 M). Figures 5A-5D ). Because the axon could not generally be followed reliably for tive relationship between the local membrane potential and local Ca 2ϩ kinetics. more than 150-200 m, the recordings were restricted to relatively proximal varicosities in the dentate hilus Depolarizing the soma from Ϫ70 mV to Ϫ60 mV gave an almost 40% decrease in the size of the Ca Figures 7C and 7F) , taining the ␣ 2 subunit do occur in a pattern consistent with a presynaptic location. consistent with a presynaptic localization of the receptors.
To probe the detailed distribution of ␣ 2 subunits, we Discussion examined postembedding immunogold labeling at the ultrastructural level. We identified mossy fiber synapses The present study is the first to show that both GABA and exogenous GABA A receptor agonists can alter the in stratum lucidum by their large profile areas of complex shape, a large population of presynaptic pleomorphic function of an important excitatory cortical pathway in situ by acting on ionotropic receptors in the distal parts and dense-core vesicles, and multiple postsynaptic densities contacting complex postsynaptic spines. The of the axon. This effect was mediated by GABA A receptors on mossy fibers themselves, rather than through ␣ 2 labeling density over mossy fiber terminals In the present study, the effect of presynaptic GABA A reflect the normal behavior of distal boutons presynaptic to CA3 pyramidal neurons, either because of intrinsic receptors on orthodromic transmission could not be studied directly because of the confounding effects of differences in the distribution and roles of GABA A receptors and Ca 2ϩ channels or because they were more suschanges in axon recruitment, GABAergic innervation of postsynaptic cells, and possible corelease of GABA with ceptible to experimental perturbation of homeostatic mechanisms. glutamate. Instead, we examined the effect of manipulating presynaptic GABA A receptors on the trigger for Notwithstanding these limitations, the effect of activating GABA A receptors on action potential-dependent neurotransmitter release, action potential-evoked Ca 2ϩ influx in individual mossy fiber varicosities. Surprisingly, Ca 2ϩ transients was qualitatively similar to that of depo-larization. A possible mechanism is inactivation of Na ϩ from ␣ 2 subunit-containing receptors with a K i of 0.4 M; channels, as has been argued to occur in the spinal Pritchett and Seeburg, 1990), the full subunit composicord and posterior pituitary, leading to a decrease in tion of the receptors at mossy fibers remains to be deterCa 2ϩ channel opening. Interestingly, the baseline fluomined. Moreover, it will be important to explore the derescence (prior to the action potential) also increased, velopmental expression of these subunits, not least both when the cell body was directly depolarized and because the immunohistochemical data reported here when muscimol was applied, implying that mossy fiber were obtained in adult rats. Figure 5C ), the average Data acquisition was only started once the baseline fluorescence ⌬F/F signal was 35% Ϯ 4%, and in the muscimol experiments ( Figure  had stabilized (15-20 min following break-in) to ensure that the 6A) it was 34% Ϯ 7%. The observed increases in the baseline fluoindicator concentration was constant, and the varicosity was reforescence in these experiments were 20%-30% (Figures 5 and 6 ). 
